This paper provides the evidence on the short-and the long-run effects of the export product concentration on the level of CO 2 emissions in 19 developed (high-income) economies, spanning the period 1962-2010. To this end, the paper makes use of the nonlinear panel unit root and cointegration tests with multiple endogenous structural breaks. It also considers the mean group estimations, the autoregressive distributed lag model, and the panel quantile regression estimations. The findings illustrate that the environmental Kuznets curve (EKC) hypothesis is valid in the panel dataset of 19 developed economies. In addition, it documents that a higher level of the product concentration of exports leads to lower CO 2 emissions. The results from the panel quantile regressions also indicate that the effect of the export product concentration upon the per capita CO 2 emissions is relatively high at the higher quantiles.
Introduction
Nowadays, one of the most important issues the humanity must cope with is the phenomenon of Bglobal warming,^while countries attempt to establish agreements and a general consensus to overcome it. The global warming issue is mostly related to environmental degradation; as a result, global economies have attempted to provide certain solutions via environmental agreements, e.g., the Paris Agreement in 2015 United Nations Climate Change Conference. According to the Paris Agreement, global economies plan to meet at regular intervals, while sharing the evaluations of carbon dioxide emissions for restricting environmental degradation. In the light of this improvement, our paper focuses on the effects of the concentration of the export product basket on carbon dioxide emissions as a potential determinant of the environmental degradation using the panel dataset of 19 developed countries for the period from 1962 to 2010. To the best of our knowledge, this paper is the first to analyze the effect of export product concentration on environmental degradation in the developed countries.
Grossman and Krueger's studies (1991 and 1995) have had a huge impact on the rise of the revived interest in environmental issues. Following these studies, research has focused on the link between per capita income and environmental degradation (Apergis and Payne 2009; Narayan and Narayan 2010; among many others) . These studies analyze the issue of environmental degradation in the context of the Environmental Kuznets curve (EKC) hypothesis, proposed by Grossman and Krueger (1991 and . According to the EKC hypothesis, environmental degradation increases at the early stage of economic development, and when the income per capita reaches a certain level (i.e., the upper-middle income level), environmental degradation begins to decrease (Onafowora and Owoye 2014) . This phenomenon occurs because global economies plan to basically generate business and employment opportunities, rather than to support the environmental quality at the first stages of development. However, environmental awareness increases as income also increase, which makes it the fundamental reason for the reduction of environmental degradation in later stages of economic development (Yang et al. 2015) . Additionally, at these stages, manufacturers use cleaner technologies to get away from the factors that contributed to air pollution during the production process. Moreover, the high-income countries tend to limit those manufacturing products that cause pollution (Can and Gozgor 2017) .
Scholars have attempted to test the validity of the EKC hypothesis in different country samples in the literature, but these studies have heavily focused on developing countries. By contrast, there are a limited number of papers that explore environmental degradation in the context of the EKC hypothesis in the developed countries (Ajmi et al. 2015; Al-Mulali and Ozturk 2016; Ang 2007; Apergis et al. 2016; Bento and Moutinho 2016; Bilgili et al. 2016; He and Richards 2010; Iwata et al. 2010; Jebli et al. 2016; Wang et al. 2015) . In the majority of these studies, research aims to control the effects of different indicators within the EKC hypothesis, while the variables of employment, financial development, foreign direct investment (FDI), gross fixed capital formation, health expenditures, population density, tourism arrivals, trade openness, and urbanization are among the controls. At this point, within the EKC literature, the most popular control variable is the international trade, i.e., the trade openness (Gozgor 2017) . This is due to the evidence that while low carbon dioxide emissions are closely related to imports of industrial products, high carbon dioxide emissions are also correlated with exports of industrial products (Song et al. 2008) . However, the literature on international trade has recently realized the importance of export basket product concentration (or diversification) instead of the volume of international trade (trade openness) (Aditya and Acharyya 2013; Agosin et al. 2012; Gozgor and Can 2016a, 2017a; Hausmann et al. 2007; Rodrik 2006) . However, our knowledge on the effect of these new variables on environmental degradation is very limited, and there is only a single study that analyzes the environmental degradation issue within export diversification as a new indicator of international trade (Gozgor and Can 2016b) . In their empirical study, Gozgor and Can (2016b) analyze the effects of export product diversification on carbon dioxide emissions within the EKC for the period from 1971 to 2010. However, Gozgor and Can (2016b) focus on a single (developing) country, i.e., Turkey. Their empirical model also controls for income and energy consumption, and the findings illustrate that export basket diversification leads to higher levels of carbon dioxide emissions in the Turkish economy. Our paper develops the findings of Gozgor and Can (2016b) in two ways: first, our paper focuses on the panel dataset of 19 countries instead of a single country case using a comprehensive set of econometric methodology. Second, our paper examines the case of the high-income (developed) countries instead of the developing country.
It is important to note that changes in the export product basket have two stages, with the first stage being the export basket diversification. More specifically, the export baskets of the least developed and the developing countries consist of limited and traditional products (Gozgor and Can 2017b) , but the export baskets of these countries can be diversified only up to a turning point (Dennis and Shepherd 2011) . This turning point has been calculated to be $22,500 by Klinger and Lederman (2006) , while it has been equal to $25,000 by Cadot et al. (2011) . Beyond this turning point, countries proceed to the second stage, i.e., the Bexport concentration^stage. In other words, the high-income countries do not manufacture every product, while they only focus on more complicated and knowledge-intensive products (Can and Gozgor 2017) . Therefore, it is suggested that there is an inverted-U relationship between the diversification of exports and the per capita income (Imbs and Wacziarg 2003) , implying that product diversification in the export basket increases by income growth, while diversification is replaced by concentration after a certain turning point. This issue also involves a process that possibly affects environmental degradation across countries (Apergis et al. 2013) , since countries limit the manufacturing products that increase environmental pollutions within the concentration stage. Within this context, a significant decrease in carbon dioxide emissions in countries within the concentration stage should be expected. Therefore, this paper focuses on the effects of the second stage in the case of the export product basket, i.e., the Bexport concentration^on environmental degradation (carbon dioxide emissions).
To the best of our knowledge, this paper is the first to analyze the effect of export product concentration on environmental degradation within the context of the EKC hypothesis in the developed countries. The analysis employs a sample of 19 developed countries, spanning the period 1962 to 2010; this particular period comprises the calculated income levels by Cadot et al. (2011) and Klinger and Lederman (2006) as a turning point to the concentration stage. The analysis in our paper illustrates that the EKC hypothesis is valid in the panel dataset of 19 developed economies, while a higher product concentration of exports leads to a lower carbon dioxide emission.
The remaining of the paper is organized as follows. Section BData, empirical model, and econometric methodology^describes the data used, the empirical model, and methodological issues. Section BEmpirical results and discussion^provides the empirical results and discusses the implications. Finally, section BConclusions^concludes.
Data, empirical model, and econometric methodology

Data and empirical model
The analysis makes use of data from 19 high-income countries 1 for the period from 1962 to 2010. The data for the export product diversification index, used as a proxy for export product concentration, were obtained from the International Monetary Fund (IMF) database. The Theil index is the benchmark measure of a country's exports, with a higher value of the index implying higher export concentration. Thus, the negative association of the concentration of exports with carbon dioxide emissions implies that the relationship between them is negative.
2 Data on the real (constant $ price in 2005) GDP per capita, the squared real GDP per capita (constant $ price in 2005), and carbon dioxide emissions, measured in metric tons per capita over the same time span, were obtained from the World Development Indicators (WDI) database, provided by the World Bank.
3 All data are transformed into natural logarithmic values, while the frequency of the data is annual. Finally, a summary of descriptive statistics is reported in Table 7 .
Our paper tests a hypothesis that export concentration may be a significant driver of the level of carbon dioxide emissions. Following the EKC approach, the empirical model can be constructed as follows:
The EKC approach in Eq.
(1) can be written in an empirical model in the natural logarithmic form as follows:
In Eqs. (1) and (2), lnC02 it is the level of carbon dioxide emissions in the natural logarithmic form in country i at time t, lnGDP it and lnGDP 2 it are the income level and the squared of the income level in the natural logarithmic form in country i at time t, lnECI it is the index of the export concentration in the natural logarithmic form in country i at time t. The error term is also represented by μ it .
According to the EKC hypothesis, we should expect that β 1 >0 and β 2 <0, and their coefficients are needed to be statistically significant. Under these circumstances, there will be a valid EKC function in the countries, which means that there will be valid policy implications for the environmental degradation. The impact of the index of the export concentration (β 3 ) on carbon dioxide emissions should be negative. As we have discussed in the introduction and according to our empirical model, as a country's export basket develops, a lower level of carbon dioxide emissions will be produced in the advanced (high-income) economies.
Econometric methodology
In the first step, the analysis checks out for the presence of stationary across all three variables and chooses a nonlinear version of the unit root test as the literature indicated that the chosen variables may contain significant nonlinear components in the data generating process (DGP) (Apergis 2016; Apergis et al. 2016 ).
Nonlinear panel unit root tests
This part makes use of the nonlinear panel unit root test, recommended by Cerrato et al. (2011 and ; in that sense, the DGP for the time series y it could be modeled as an Exponential Smooth Transition Autoregressive (ESTAR) process:
where
and θ i is a positive n parameter, while χ * is the equilibrium value of y it . When the initial value of y it exists, then the error term, μ it , has a one-factor structure that yields:
in which f t is the unobserved common factor, and ε it is the individual-specific (idiosyncratic) error. Following the literature, we set the delay parameter d to be unity and the Eq. (5) in its first difference yields:
Following the previous literature (Apergis 2016; Apergis et al. 2016 ), once we assert that y i, t follows a unit root process in the middle regime, of ξ i = 0, then Eq. (6) can be rewritten as follows:
We can form the null hypothesis of non-stationarity H 0 : θ i = 0 ∀ i, against its alternative H 1 : θ i > 0 for i = 1,2,…, N 1 and θ i = 0 for i = N 1 + 1,…,N. The fact that ξ * i is not identified under the null hypothesis, the null hypothesis cannot be tested. Cerrato et al. (2011) use a first-order Taylor series approximation methodology to re-parameterize Eq. (7) and the auxiliary regression yields:
Equation (8) can be extended if errors are serially correlated, and it yields:
Cerrato et al. (2011) further show that the common factor f t can be approximated by
whereỹ t is the mean of y it and b ¼
Combining Eqs. (9) and (10), it can be written as the following nonlinear cross-sectionally augmented DF (NCADF) regression:
t statistics can be derived fromb i , which are denoted by the following:
whereb i is the OLS estimator of b i , and s:e:b i is its associated standard error. The t statistic value in Eq. (12) is used to construct a panel unit root test by averaging the individual test statistics:
Panel cointegration tests and long-run estimations
After confirming the presence of non-stationarity in the variables of interest, the analysis performs the cointegration tests by Westerlund (2007) and Westerlund and Edgerton (2008) to investigate the link between the export concentration and the carbon dioxide emissions, while including per capita income as an explicit control variable. Given the evidence of panel cointegration across variables, the analysis estimates a long-run relationship among the per capita carbon dioxide emissions, the income per capita, the squared income per capita, and the export concentration index in the natural logarithmic form (see Eq. 2).
Autoregressive distributed lag model
The analysis also uses the autoregressive distributed lag (ARDL) model, proposed by Pesaran et al. (2001) as a robustness check to incorporate the nonlinear relationship among the per capita carbon dioxide emissions, the income per capita, the squared income per capita, and the export concentration index. The model is specified as follows:
where m is the lag order and v t is assumed to be an independent and identically distributed error term. Equation (14) can be transformed into an error correction model (ECM) yielding:
where ξ is the speed of adjustment parameter. β 1 , β 2 , and β 3 are the long-run coefficients for the real GDP per capita, the squared real GDP per capita, and the export concentration index, respectively. The short-run parameters are represented by σ 1i , σ 2i , σ 3i , and σ 4i Therefore, the ARDL (p, q, k, g) model yields:
Panel quantile regression
In this subsection, the analysis uses the panel quantile regression (PQR) methodology to account for the likelihood of heterogeneity and to estimate the parameters at different points of the (conditional) per capita carbon dioxide emission distribution. The added advantage of using the PQR is relating to address the issues of outlier observations. The PQR estimator is proved to be more efficient than OLS estimators if error terms are not normally distributed. Apart from econometric advantage, the main qualitative advantage of the PQR estimator is to give an opportunity to a detailed analysis in evaluating the carbon dioxide emission at the different per capita and export concentration levels in terms of the EKC hypothesis. We specify the τ th quantile (0< τ <1) of the conditional distribution of the dependent variable (i.e., the log of per capita CO 2 ), given a set of independent variables X it , as follows:
In Eq. (17), LnCO 2it is the log of per capita carbon dioxide emissions of county i at time t and X it represents a vector of three independent variables, i.e., the per capita GDP (LnGDP it ), the squared per capita GDP (lnGDP 2 it ), and the export concentration index (lnECI it ) all in logs. u it denotes the unobservable factors, such as cultural habits in using energy . The parameters in Eq. (17) are estimated by minimizing the absolute value of the residuals, using the following objective function:
Koenker (2004) suggests a class of penalizing QR estimators (i.e., the shrinkage methodology) to estimate a vector of individual effects, while Canay (2011) finds that Koenker's methodological approach is computationally intensive, and therefore, he introduces a two-step methodology of estimating panel quantile regression models with the fixed-effects. In the first stage, the conditional mean of u it is needed to be found and then estimated parameters will be calculated to obtain the
, whereβ μ denotes the estimated parameters of the conditional mean regression. In the second stage, the estimated individual effect was excluded from the dependent variable, d
LnCO2 it ¼ LnHCO2 it −α i and next stage, the standard quantile regression is applied.
Empirical results and discussion
Empirical results
At the preliminary stage, the results of the nonlinear panel unit root (NCIPS) tests are reported in Table 1 .
According to the results in Table 1 , the individual statistics indicating that most of the countries have non-stationary variables, with an exception of the United Kingdom (UK). The nonlinear panel unit root test statistics in Table 1 also indicate the presence of a unit root across the related variables.
After confirming the presence of non-stationarity in the variables of interest, the analysis performs cointegration tests to investigate the (long-run) relationship between the export concentration and carbon dioxide emissions, while including per capita income as an additional control variable. The analysis makes use of the error-correction-based panel cointegration tests under cross-sectional dependence, recommended by Westerlund (2007) and Westerlund and Edgerton (2008) for a robustness check and Table 2 reports the test statistics of Ga, G t , P a , and P t .
The first two statistics are the mean-group tests assuming unit-specific error correction parameters, while the null hypothesis is of no cointegration across all cross-sectional units. The rejection of the latter two statistics indicates the presence of cointegration for the panel as a whole. The break date is observed at 1993. The break year of 1993 is in line with previous studies, which have found 1993 as the structural break in per capita carbon dioxide emission (e.g., Lanne and Liski 2004) . The break in the mid-1990s is mainly explained by begging of the rapid growth rates in Asian economies. Therefore, the analysis provides the results for the entire period , as well as in two sub-periods (1962-1993 and 1994-2010 ). As we can see from Table 2 , there is evidence of cointegration across the variables over the entire period under study.
The results of the mean group estimations and residual tests are reported in Table 3 . The analysis makes use of a conventional estimation methodology to estimate the long-run relationship. 4 Particularly, this analysis employs the CCE-MG estimation approach because it allows cross-sectional dependence and cross-section specific slope coefficients across panel members (Kapetanios et al. 2011; Pesaran 2006) . The CCE-MG estimator indicates that all estimated coefficients are significant at the 5% level. Table 4 presents the results for Eq. (16); they highlight that the error-correction coefficient is negative and statistically significant at the 1% level. It also reports the long-run coefficients of the cointegrating equation; in particular, a 1% increase in per capita GDP results in a long-run increase of 5.55% in per capita CO 2 emissions, while a 1% increase in the export concentration index results in a long-run decrease of 0.295% in per capita CO 2 emissions. The ECM coefficient is − 0.171, indicating that the adjustment speed is about 17%. 4 They are the Mean Group (MG) estimator (Pesaran and Smith 1995) , The CD test of Pesaran (2004) indicated the existence of Bcross-sectional dependence^in the residuals of mean group methodologies (the MG, the GM-FMOLS, and the GM-DOLS), which questions the assumption of cross-section independence. The results of the country level analysis are reported in Table 5 ; this analysis enables us to examine the presence of heterogeneity across countries. The empirical findings are conducive to the presence of an error-correction term for each country, while the coefficient is negative (except in the case of Japan) and statistically significant at the 1% level (except in the case of Japan, where evidence is found at the 5% significance level). The largest ECM coefficient occurs in the case of Denmark, − 0.482, which implies that the adjustment speed is about 48%, while the smallest coefficient is in relevance to the case of the USA and the coefficient is found as − 0.075 (see panel A, Table 5 ). More importantly, most countries exhibit a significant negative long-run impact of the export concentration upon the per capita carbon dioxide Tables 13 and 14 of Cerrato et al. (2011) . ***, **, and * denote the statistical significance at the 1, 5, and 10% levels, respectively (1962-2010) (1962-1993) (1994-2010) Westerlund (2007) emissions: a 1% increase in export concentration results in a long-run decrease of 1.531% in the case of France and 1.479 in Japan, while in the UK is 0.303% (panel B, Table 5 ). This finding may be explained by the fact that France derived 76.9% of electricity from nuclear energy in 2014, while this figure turned out to be 29.2% in Japan in 2010 (World Nuclear Association 2015). We also observe that there is an insignificant relationship between export concentration and carbon dioxide emission in the short-run. Similarly, we find the positive short-term relationship in the Netherlands, New Zealand, and the UK between the export concentration and carbon dioxide emissions. This finding is in line with Gozgor and Can (2016b) since providing a higher-level export concentration takes time (usually 3 to 5 years at least). The Netherlands and New Zealand are also important commodity exporter in the world. In addition, we find the positive long-run relationship in Uruguay. This finding can be explained by the fact the income level of Uruguay is below the concentration process. To this end, environmental policy implications due to providing the significant effect of the export concentration upon carbon dioxide emissions are only valid in the long-run.
The empirical findings from the PQR approach of Canay (2011) are reported in Table 6 ; they illustrate that the estimated EKC follows an inverted U-shaped relationship, while it has a maximum turning point of per capita income; the panel quantile estimations suggest the presence of correctly signed and statistically significant coefficients across countries. The marginal effects of the per capita GDP on the per capita carbon dioxide emissions are relatively high at the higher quantiles. More importantly, we observe that the marginal effect of the export concentration upon the per capita carbon dioxide emissions is relatively high at the higher quantiles.
Discussion and implications
The empirical findings indicate that both the income per capita and the export product concentration are the main drivers in explaining carbon dioxide emissions in 19 developed economies; therefore, the EKC hypothesis is valid. This finding indicates that carbon dioxide emissions increase with income at the first stage of economic development till they reach the stabilization plateau; next, they are reduced in the long run. These empirical results on the validity of the EKC hypothesis are in line with previous empirical findings on several (Pesaran and Smith 1995) . The CCE-MG refers to the common correlated effects mean group estimation and the inference method (Pesaran 2006) , and allows for cross-sectional dependence. The CD-test refers to the Pesaran's (2004) test of cross-sectional dependence. ***, **, and * denote the statistical significance at the 1, 5, and 10% levels, respectively Iwata et al. 2010; Jebli et al. 2016; Wang et al. 2015) . In addition, it is also found that the product concentration in the export basket leads to lower carbon dioxide emissions in the developed economies. To the best of our knowledge, these are the first empirical results on the effect of export basket concentration on the carbon dioxide emissions in the developed countries. Note: ***, **, and * denote the statistical significance at the 1, 5, and 10% levels, respectively
We also find that the marginal effect of export concentration on per capita carbon dioxide emissions is relatively high at higher quantiles. This finding implies that when countries at a higher level of export diversification, the gains from reducing carbon dioxide emissions are higher. The main policy implication is that the developed countries should proceed to specialize in their export products to reduce the level of carbon dioxide emissions. Probably, this would be easier than providing a higher level of income.
The empirical findings also show that there could be some environmental policy implications that would reduce carbon dioxide emissions. First, it was found that economic growth leads to higher environmental pollutants. Indeed, sustainable economic growth is crucial for any economy for generating new job opportunities. In other words, the effects of income on carbon dioxide emissions are systematic and the policy implications can focus on reducing the initial costs of environmentally friendly investments (Bento and Moutinho 2016) . In addition, the findings also illustrate that export product concentration significantly reduces carbon dioxide emissions in the high-income economies. In other words, the product concentration of export baskets can be beneficial for environmental pollutant management. For instance, firms in the developed economies must avoid producing goods that cause severe carbon dioxide emissions, while products with high carbon dioxide emissions can be imported from developing economies. There could be some incentives to avoid producing carbonintensive goods or a carbon dioxide emission tax can be implemented for such goods. Nevertheless, these policy implications require a detailed knowledge of the scale of environmental pollutants for each sector across these 19 developed economies (Bilgili et al. 2016) .
Although export concentration itself is an outcome of the development process, it depends on economic conditions and parameters and this can provide some specific policy implications. Firstly, the endogenous growth models illustrate that the export basket can be developed by learning-by-doing and learning-by-exporting activities. To achieve this, promoting the development of the financial sector and increasing FDI inflows through the incentives and the implications (e.g., decreasing the level of corruption and the power of state-owned business) can be considered. Secondly, previous literature observes that trade liberalization is the main source of the development of the export basket, and therefore, providing a fair degree of trade liberalization and reducing barriers and bureaucracy in international trade can help to enhance the export basket (Gozgor and Can 2017a) . Thirdly, using fiscal and financial incentives, investments can be made in R&D activities that enhance the level of technology, which can also develop the countries' ability to upgrade the export basket. Finally, regulations in the business world (e.g., hidden barriers to doing business as well as weak and unclear legal regulations) can affect the export basket. For example, efficient regulations in the business world can provide a higher level of efficiency in exporting firms and thus promote the export basket. Similarly, regulations in the credit market (e.g., expensive capital due to the high level interest rates) and regulations in labor market (e.g., regulations in firing and hiring workers) could also be the determinant factor of the export concentration. It is important to note that those factors are quite heterogeneous even among the developed countries in our dataset.
Conclusion
In recent years, countries have put serious efforts to tackle the global warming problem; therefore, the number of studies that have analyzed the economic growth-environmental quality nexus has dramatically increased. In this paper, the analysis provided the empirical results of the short-and long-run effects of the export product concentration upon the carbon dioxide emissions in 19 developed (high-income) economies, spanning the period 1962-2010. To this end, it employed the nonlinear panel unit root test by Cerrato et al. (2011 Cerrato et al. ( , 2013 , as well as the panel cointegration tests by Westerlund (2007) and Westerlund and Edgerton (2008) with multiple endogenous structural breaks. It also considered the mean group estimations of Pesaran (2006) , the ARDL model, and the panel quantile regression estimations by Canay (2011) . It illustrated that the EKC hypothesis was valid in the panel dataset. In addition, it observed that a greater product concentration of exports led to lower carbon dioxide emissions in the majority of countries under investigation. The results of the panel quantile regression also indicated that the effect of the export concentration upon the per capita carbon dioxide emissions was relatively high at the higher quantiles.
Future research venues could explore the effects of the export product concentration upon the carbon dioxide emissions in developing economies or other advanced countries. In addition, the effects of sub-indexes of the Theil index (e.g., the extensive margin and the intensive margin of products) on carbon dioxide emissions could also be analyzed by different econometric tools. 
